Unfortunately the measurement of these modes has been problematic due to overlap with the broadband response of biological water and possible librational motions of surface side chains.
Polarization difference spectroscopy is a method that can be used to suppress a homogeneous background from orientation sensitive resonances, however the size for typical protein crystals is far below the diffraction limit at terahertz frequencies. Recently great advances in THz near field microscopy have been made [2] , however typical systems do not focus on the spectroscopic quality of the measurement, or the monitoring of anisotropic
response. Here we demonstrate a method for measuring small crystals (�300 flm) in the terahertz range, and find strong orientation sensitive features from protein crystals.
We refer to our technique as Crystal Anisotropy Terahertz
Microscopy (CATM). folding, and enzymatic activity [3] . For molecular recognition, for example, proteins adapt their structure to different binding partners, often exhibiting large structural changes. The transition in these molecules can be modeled, determining a low energy pathway of collective motion.
Calculations show that functional conformational change in many biomolecular systems can be simulated using only the first few collective vibrational modes of the system [4, 5] .
While it is possible that large scale conformational change occurs through diffusive configurational sampling, concerted fluctuations could explain the observed high physiological on-rates and affinities [6] [7] [8] [9] . show the calculated absorbance for an unaligned sample, corresponding to bulk powder or solution phase samples.
..c
Frequency (THz) Even when one includes the dipole coupling of the modes, the spectrum is still very smooth. In addition, librational motion of bound water and the polypeptide sidechains will give rise to a broad relaxational background, that may dominate the response, thus a typical terahertz spectroscopic measurement of protein samples give a broad featureless absorbance without any apparent dominant modes. However one might achieve high mode constrast if one considers A) the relaxational contribution should be isotropic with respect to the protein structure and B) dipole coupling to protein structural modes will be anisotropic. Also shown in Fig. 2 are the calculated absorbance for aligned samples, where the incident THz polarization is parallel and perpendicular to the static dipole of the protein. As seen in the figure, the spectrum is not as smooth as the unaligned sample.
However if one simply measures the THz transmission for an aligned sample, the relaxational contribution will still dominate the measured absorbance. By taking polarization difference measurements one should be able to eliminate the relaxational contribution and enhance contrast between modes. A naturally aligned system is a crystal, however protein crystals are rarely larger than a few hundred micron in size, below the diffraction limit of THz measurements. A careful set of measurements has been reported using THz time domain spectroscopy (THz TDS) of HEWL crystals to investigate if narrow band absorption could be observed [13] . Measurements were made in the far field as a function of hydration. Unfortunately the only narrow band features observed in these measurements were due to changing atmospheric water content. Orientation dependence was not attempted in those measurements. It is possible that diffraction effects smoothed the strong absorbances that we report here.
To overcome diffraction limitations we use a THz TDS near field microscope method based on that by Planken [2] . In the CATM measurements however, transmission is through a � 300 um thick crystal, thus we expect reflection at the interfaces that cannot be removed from the main pulse. We address both the referencing and etalon concerns by self-referencing. As we are interested in the change in absorbance with orientation, we use a single orientation of the crystal as our reference and calculate a difference absorbance using the following: 
II. RESULTS
Sucrose crystal measurements demonstrate CATM. Fig. 3 shows the anisotropic absorbances measured with CA TM are in agreement with the far field measurements for large crystals.
In Fig. 4 we show the orientation dependence of the difference spectra relative to 0° rotation for a hydrated 85 cm-I . These strong features cannot arise from typical artifacts, as these effects should be removed by self referencing. We note that since we are referencing to a single orientation, negative resonances indicate that the resonance is present in the reference orientation and is decreasing in the other orientations. Water and relaxational absorbances are also removed by the self-referencing, however even in the net signal we do not see the expected bulk water absorbance. This lack of relaxational background is suprising given that the the hydration for the crystals is greater than many hydrated powder and film measurements which measure a large background.
III. CONCLUSION
Orientation dependent sharp absorbances are observed for sucrose and protein crystals using the CATM technique.
The orientation dependent features seen in sucrose are in agreement with far field measurements, demonstrating the technique gives reliable anistropic spectral data. The absorbances are likely related to correlated motions within the protein molecules.
